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(54) Abstract Title 

Ink jet print head with varied nozzle spacing for producing a seamless swath of printing 



(57) An inkjet print head 10 includes an array 12 (Fig.1) of nozzles 14 (Fig.1) arranged along an axis 16. The 
array has a first portion 22 in which the nozzles are spaced apart along the array axis by a first pitch, and a 
second portion 24 in which the nozzles are spaced apart by a different second pitch. The array may have a 
third portion 20 (Fig.1) between the first and second portions with a third pitch different from the first and 
second pitches. An assembly 30 (Fig. 2) may include two or more of the print heads 10, with the second portion 
24 of one head overlapping with the first portion 22 of the other head. The assembly may be operated by 
determining a best aligned pair of nozzles (72 f 83,Fig.5A), disabling the nozzles (73-75,84,85) extending beyond 
each member of the pair, and disabling one of the pair to prevent double printing of a single dot row, before 
printing therewith. The assembly ensures a seamless swath of printing. 
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. INK JET PRINT HEAD WITH VARIED NOZZLE SPACING 

Field of the Invention 
This invention relates to ink jet print heads, and more particularly to printers with 

multiple print heads. 

10 Back ground and Summary of the Invention 

' Ink Jet printers employ pens having print heads that reciprocate relative to a media sheet 
and expel droplets- through an array of nozzles onto the sheet to generate a printed image or 
' pattern. The print heads have arrays of small orifices through which ihk is expelled to / 
generate a swath of a printed image. 

15 Two important measures of printer performance are speed and print quality, which 

typically trade off with each other so that maximizing one compromises the other. The print 
speed is primarily 'limited by the scan velocity and by the length of the nozzle array (i.e. the 
width of a single printed swath). The print quality is primarily limited by the resolution or 
spacing of nozzles on the print head. For a given array length, the print quality may be 

20 maximized by printing multiple overlapping swaths to multiply the array's resolution, with 
the droplets of each swath filling the spaces between the droplets of other swaths. To 
maximize print speed, single passes are used. • I 

Developments have led to higher resolution print heads that improve print quality 

' without a speed compromise. However, these developments are limited by physical 

25 constraints on the miniaturization of print head components. To provide additional 
improvements in performance, larger prinx heads having longer arrays may be used. 
However, as print heads are made larger, they become more expensive. Beyond the 

i ' 

! i ! 
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proportional cost per unit area of semiconductor material, larger print head chips result in 
greater wafer edge losses, and other costs associated with larger chips. For instance, a 
single defect on a wafer ruins a larger percentage of that wafer's chips, 
i To avoid the costs associated with larger chips, a multiple chip print head mayjbe 

. 5 employed, either with two or more print head chips of moderate size arranged on a common 
* substrate, or with separate print heads installed in a printer. Such print heads are installed 
• - with their nozzle arrays parallel, and offset from each other along the media feed axis to 
cover adjacent swaths to generate a larger swath. 

Such arrangements suffer from an alignment problem that can create a visible artifact 
10 where the adjacent swaths join each other at a seam. With high resolution print heads, a 

small misalignment at the limits of manufacturing capability can be several times the nozzle 
pitch, or at least a major fraction of the nozzle pitch. When separately replaceable print 
heads are used, the misalignment can be even greater. Electronic measures may permit 
correction of multiple-nozzle errors by slightly overlapping the swaths, and disabling the 
15 extra overlapping nozzles. However, this technique must tolerate an alignment error of up 
to one-half the nozzle pitch, leading to a possible gap or overlap of that amount. Such 
errors are visible as a light or dark band on the printed page. 




print head with a body defining an array of nozzles. The nozzles are arranged in an array 
20 along an array axis. The array has a first portion in which the nozzles are spaced apart 
along the array axis by a first pitch, and a second portion in which the nozzles are spaced 
apart by a different second pitch. The array may have a third portion at the opposite end * 
from the second portion with a third pitch different from the first pitch. An assembly may 
include two or more of such print heads, with the second portion of one print head aligned 
25 with the third portion of the other print head. Such an assembly may be operated by 

determining an aligned pair of nozzles, and disabling the nozzles extending beyond each 



member of the pair and disabling one of the pair. 
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Brief Description of the Drawings 
Fig. 1 is an enlarged plan view of a ink jet print head die according to a preferred 
embodiment of the invention. 

Fig. 2 is an enlarged plan view of a ink jet print head assembly according to the 
5 embodiment of Figure 1 . 

Fig. 3 is a simplified view of a printer according to an alternative embodiment of the 

invention. 

Fig. 4 is a simplified view of a printer according to another alternative embodiment of 
the invention. 

10 Figs. 5 A, 5B, and 5C illustrate printing operation according to a preferred embodiment 
of the invention. 

Detailed Description of a Preferred E mbodiment 
Figure 1 shows an elongated rectangular ink jet print head die 10 defining a linear array 
12 of nozzles or orifices 14 extending nearly the length of the chip, and oriented on an array 

15 axis 16. The array has a first central portion 20 in which the nozzles are evenly spaced apart 
along the array axis with a first pitch. A second end portion 22 of the array is contiguous 
with one end of the central portion, is oriented on the array axis, and includes several 
nozzles spaced apart at a second pitch incrementally smaller than the first pitch. A third end 
portion 22 of the array is contiguous with the opposite end of the central portion, is oriented 

20 on the array axis, and includes several nozzles spaced apart at a third pitch incrementally 
larger than the first pitch. Together, the end portions comprise a vernier system. 

With a nozzle pitch or spacing period of t, and a total of N nozzles populating the end 
portions, the endmost N/2 nozzles at one end are spaced at a pitch of t(l+l/N), apd the 
endmost N/2 nozzles at the other end are spaced at a pitch of t(l-l/N). For example, with a 

p5 pitch of 1/1200 inch, and a 10-nozzle vernier system, the pitch of the five nozzlefc ofjthe 

second portion 22 is (0.9/1200) inch, and the pitch of the five nozzles; of the third portion 24 
is (1.1/1200) inch. 

As will be shown below, an arrangement of two such print head dies with overlapping 
end portions can provide a maximum apparent alignment error limited to t(l/N), so that a 

! PDNO 10990357! I 
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seam between swaths printed by the two dies will be essentially undetectable. The total 
alignment error that may be thus corrected or compensated for is limited to the number of 
vernier nozzles times the amount by which their pitch varies from the nominal pitch. In this 
instance, the number of nozzles N and the pitch variance (1/N) are selected to provide a 
tolerated range of one full dot pitch. Within this range (which may be stated as +/- t/2 from 
a nominally aligned position) the maximum alignment error is limited as noted above, and 
as will be illustrated below. For systems in which wider alignment errors are expected, the 
total number of nozzles populating the end section or sections need not be increased, as 



these sections can overlap effectively with the nozzles of the central portion for the same 
vernier effect. Of course, for greater nominal overlap to accommodate large alignment 
variances, slightly longer arrays are needed to provide a given final printed swath width. 



For systems in which less apparent alignment error is tolerable, a smaller pitch variance and 
proportionately more nozzles are used. 

"*'- ,T: - % j J .? \'i : • . ■ "ji:;: ..... j:-^\.' f ,: :o • ... : 

The illustrated embodiment shows a single linear array of nozzles for simplicity and 

clarity. In preferred practice, to provide a fine resolution, the nozzles of a single array are 

arranged in an alternating pattern of two parallel rows, with the odd nozzles in one row, and 

the even nozzles in the other, so that each row is closely spaced, and a doubled resolution is 

provided. For the purposes of this application, this arrangement of two or more such rows, 

or any other arrangement of nozzles along a print head intended to generate a swath of 

printed droplets, is considered as a single linear array. 

Figure 2 shows a print head assembly 30 including three print head dies 10 arranged to 

generate a seamless swath of printing. In alternative embodiments, any number of dies 

from two or more may be used to provide a printed swath of any selected width. The dies 

10 are arranged with their array axes 16 parallel. They are positioned in a common plane, 

mounted to a substrate 32, so that the end portion of one overlaps or is registered laterally 

with the end portion of the adjacent die in an overlap region 34. The assembly is oriented 

with the array axes 1 6 perpendicular to a scan axis 40 and parallel to a media feed axis 42, 

with the scan axis representing the path of motion of a reciprocating carriage in an ink jet 

printer as swaths are printed, and the feed axis representing the direction along which 



5 

printed media is advanced for printing of subsequentswaths. In an alternative embodiment, . 
the assembly may be used in a printer in a fixed position, with media advancing along axis 
.4.0 for complete printing. This is suitable for rapid printing,. such as of items passing on an 
.assembly, line, or postal envelopes to be addressed with a limited swath width. An assembly 
5 having a greater number of dies may be used to create swath widths capable of printing a 
page of unlimited width in a single swath, for. extremely rapid printing throughput rates. 
The effective swath width of the assembly is slightly less than.the sum total of all the 
individual arrays due to the overlapping end portions, Nominally, that sum is reduced by 
... the overlap, length 34 multiplied by menumber of dies minus one. r ,; 
10 As shewn in Figures 3 and 4, a -printer. using multiple dies for a large swath width need 
. not have the dies mounted on a single unit Figure 3 shows a printer, 44 ; having four 

separately.. replaceable print cartridges 46,,each haying one of-the ; dies 1 0, The cartridges 
are positioned in a .stepped arrangement to generate registration and : overlapping of the end 
portions of each nozzle, array with anend portion of each adjacent, die. This generates a 

... ,v .... • ^ 

15 . . ^.swath width, 50. - The cartridges are mounted.in affixed position to. a base.52. A media sheet 
. .., orother printable object 54 is .advanced past the print heads along axis-40, which is 

perpendicular to the array, axes., The process r of .compensating. for any slight misalignments 
, , among print heads, both initially and after, any print heads are replaced, will be discussed 

,. . below.. ;•■.■•;>■■ : - .-Vr >•■:<■:;■ v" :% '' • ''- ' ; ' 'l ••«" 

20.. Figure 4 shows an inkjet printer 60 haying several staggered . print cartridges 46 installed 

in a carriage 62 that reciprocates along, the scan axis 42. A media sheet 64 is advanced 

. alpng the feed axis following printing of each swath. The feed amount may be as great as 

the width of the swath for fastest printing, . or.may be a selected fraction of the swath width 

..- . for optimum print quality printing using overlapping shingles. , A printer haying a carnage 

(25 with multiple receptacles for the.staggered print cartridge may also receive different fcolored 

cartridges forfull color printing, albeit without the advantages of the increased swath width 

V 

provided by several cartridges of the same color, typically black, and without enjoying the 
. vernier alignment capabilities during color printing. Other alternatives may include 
assemblies for large swath printing of multiple colors, which simply use a multiple die array 

I PDNO 109903571 1 
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for each of several different cdiotsi all on the same assembly; or each color having its own 
multi-die wide-swath assembly on a separate cartridge. A set of multi-color dies may be 
used in the same manner as illustrated. Each die would have ah array of each color, with 
each color array having vernier end portions- aliening with comparable portions of |the same 
'color array on the next die.' ' *' ^ - 

Figures 5A, *5b| ahd'5C schematically illustrate the operation of a printing system using 
at least two print heads. The illustrations show which nozzles are operated in the 
overlapping encf portions of the adjacent print heads, at three different variations in 
registration between the two print heads: This illustrates the transition or seaming between 
the swath portion printed' by brie array/and the portion printed by the adjacent array. 

'In Fig. 5A, 7 a First nozzle array 12 Has an (snd'portidri 22 ^ that is laterally registered with 
the end portion 7 24' of a second array 12 V- In this example, each^ end portion has five 
•nozzles', with portion 22 ; spaced sit '90% of the ^tandaird pitch, arid end portion 24 spaced at 
110% of the l standard : pitcii. In this example, the second' array 12 9 is nominally registered 
with the' first,* iri that it is at the middle of the tolerance range in which the vernier system 
can 'maintain 'the tight tolerance (t/N) on spacing between the last dot row printed by one 
array, and'the^firstdotfrow pririied-By* the ; next ; aifayi. ' " : " • I 

The system operates in the mahrier of a 'vernier, r with the different nozzle pitches 
providing one (or two adjacent) nozzles of one end portion approximately aligned with a 
nbzzle'(or pair) from the corresponding end- portion of the other artay. In this instance, 
- nozzle 73 is best aligned with nozzle' 82.- The* break point between swaths is selected to be 
at this aligned pair. This means that the nozzles of each-end portion beyond the members of 
the aligrifeti j paif73, 82 are to bfe disabled- with nozzles 74,75, 83, 84, and 85 being 
disabled,- preventing double? printing overlap." One of the aligned pair also riiust be disabled 
to prevent double printing of a single dot row. f 

If the aligned pair is perfectly aligned, it does not matter which is disabled: However, in 
most instances such as this, the pair is slightly misaligned. When this occurs, a nozzle is 
disabled to ensure that one array is terminated by a member of the best aligned pair, and the 
other is terminated by a member of a second best aligned pair. The nozzles that are disabled 
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are indicated by open circles, and the nozzles that are enabled, by solid circles. In this case, 

it is apparent that the misalignment is in a direction such that pair 72-83 is the second best 

v.;'; r./il'or v>ovalw s ■> ' * " ' - ■'■ • - r . ' 1 ■ 1 ' • ■"" ; : ' ' 

aligned pair, with pair 74-8 1 being less well aligned. Thus, selection of which of the 

aligned pairs to disable is based on which one is a member of the array that contains a still 

5 enabled member of tlie second best aligned pair. Here, nozzle 72 of array 12 remains 

enabled, as it is positioned between the best aligned pair member 73 and the central portion 

20 of the array. Second best aligned pair member 83, however, is already disabled, as it is 

beyond the best aligned member 82. Thus, nozzle 73 is disabled, so that array 12 is 

terminated by an operable nozzle of the second best aligned pair, and array 12* is terminated 

10 by a member of the best aligned pair. 

Figure 5B illustrates the same system, but with the array 12' shifted upward for a 

reduced overlap condition. This approximates nearly the limit at which the ability to 

maintain limited seam alignment errors is compromised. In this instance, nozzle 70 appears 

well aligned with nozzle 85. Thus either may be disabled. However, it is preferable to 

15 disable a remote or end nozzle such as 85, instead of a member of the center array portion. 

It is believed that nozzles nearer the end of an array may have a slightly higher failure rate, 

so that some nominal reliability advantage may be gained with this preference. 

Accordingly, along with nozzles 71-75, nozzle 85 is disabled. This rule may also be applied 

in other instances where there is an equal choice between two well aligned nozzles, not just 

20 a choice involving an end nozzle. Note that if the array 12* were shifted upward enough to 

slightly misalign the pair 70-85 (i.e. by up to 1/10 of a nozzle pitch), nozzle 85 would 

remain enabled, and nozzle 70 disabled, as nozzle 96 and imaginary nozzle 86 (not shown) 

would be a second best aligned pair. 

Figure 5C illustrates a greater overlap condition, in which pair 75-80 is best aligned, and 

25 nozzle 75 disabled on the principle of disabling a remote nozzle when alignment is jdeal. 

As above, a slightly more extreme misalignment between the arrays (by moving array 12* 

downward by a small fraction of a nozzle pitch) would necessitate the disabling of!fcozzle 

75 instead, under the higher order rule that the array with a disabled best-aligned nozzle 

shall have its second best aligned nozzle as the terminal enabled nozzle. As noted above, 

■ ' \ * PDNO 1099035? [ 
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the system can tolerate any amount of overlap while maintaining the accurate alignment at 
the seam, due to the ability for either of the end portions to operate as a vernier against the 
central portion of the next array. 

The process of determining which nozzles are aligned depends on the application. After 
manufacture of a print head assembly 30 as in Figure 2, the assembled unit can be inspected 
to determine alignment and disabling choices. This may be undertaken by an automated 
system using microscopic machine vision, which transmits disablement data to control 
circuitry (not shown) on the die, assembly, printer, or connected computer. Another means 
of determining alignment is to print a test pattern, which may selectively print lines to aid a 
visual or machine detected alignment. Such printed patterns may also employ moire 
patterns to aid the recognition of fine misalignments. These may also be used in systems in 
which the print heads are separately replaceable in the field. In these cases, a user or service 
technician runs an alignment test, typically with the aid of alignment software in a computer 
connected to the printer in which the print heads are installed. The software prints patterns, 
and inquires as to which of selected samples exhibits a visual characteristic associated with 
alignment. The user enters the preference, and the computer then instructs the printer 
control circuitry to disable appropriate nozzles. Similarly, a sensor in the printer may 
automatically scan an alignment pattern, and transmit alignment information to the control 
circuitry without user involvement or the opportunity for operator error. 

While the above is discussed in terms of preferred and alternative embodiments, the 
invention is not intended to be so limited. For instance, the number of end portion nozzles 
and pitch differences can vary widely depending on the sensitivity to misalignment. In an * 
alternative embodiment, a spacing variation need be provided at only one end of the array. 
This would operate as a vernier against the standiard spacing. The equivalent of the 
illustrated example might be provided by five nozzles at one end, with 120% or 80% of the 
standard spacing, to provide the XJ 10 accuracy. However, this may make the end portion 
more noticeably dense or light in appearance in the printed result. In this case, as in the 
preferred embodiment, such density variations are compensated for by designing the print 
head to emit proportionately larger droplets from more widely spaced end portion nozzles, 



9 

and proportionately smaller droplets from densified end portions, generating comparable 
visual print density. 

The illustrated system may also be employed as a single print head, with the varied 
spacing end portions used to provide better seaming between sequentially-printed swaths. 
5 A printer design with a media advance amount that varies from printer to printer, but which 
is precisely repeated within each printer, is a suitable application. Each printer's advance 
amount may be measured, and the selection of which end portion nozzles made to ensure 
accurate seaming between swaths, using the techniques of the preferred embodiment. 
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Claims: 

\ 

1. An ink jet print head (10) comprising: 

a body defining an array (12) of nozzles (14); 

the nozzles being arranged in an array along an array axis (16); 

the arra^ paving a first portion (22^ in which the nozzles are spaced apart along the 
array a>ds by a first pitch; and 

the array having a second portion (24) in which the nozzles are spaced apart by a 
different second pitch. 

2. An ink jet print head according to claim 1 wherein the first and second portions (22, 24) 
include nozzles at opposed ends of the array. 

3. An ink jet print head according to claim 1 or claim 2 including a third portion (20) 
having a third pitch different from the first pitch and the second pitch. 

4. An ink jet print head according to any one of claims 1 to 3 wherein the first and second 
portions have approximately the same length. 

5. An ink jet print head according to any one of claims 1 to 4 wherein the difference 
between the second pitch and the first pitch, multiplied by the number of nozzles 
occupying the first and second portions, is at least as great as the lesser of the nozzle 
pitches. 

6. A method of operating an ink jet printer (60) comprising the steps: 

providing at least a first print head (10) and a second print head (10), each defining 
an array of apertures (14) parallel to a common array axis (16), the arrays each having 
an overlapping portion (22, 24) and a major portion (20), the overlapping portions 
registered with each other, the major portions of each array extending away from the 
associated overlapping portion, the overlapping portions each having a different nozzle 
pitch; 

determining a best aligned pair of nozzles (72, 83), one nozzle of the pair selected 



from the overlapping portions of each of the arrays; 

for each overlapping portion, disabling the nozzles (73, 74, 75, 83, 84, 85) of an 
: irr ; extending portion extending away from the major portion beyond the nozzle of the 
aligned pair; and 
5 disabling one of the nozzles (83) of the aligned pair. 

7. A method of operating an ink jet printer according to claim 6 including operating the 
printer (60) to print using the remaining nozzles other than the disabled nozzles. 

8. A method of operating an ink jet printer according to claim 6 or claim 7 wherein 
determining a best aligned pair of nozzles includes printing a test pattern (12, 12')- 

10 9. A method of operating an ink jet printer according to any one of claims 6 to 8 including 

nozzles (14) of at least one of the overlapping portion from the drop volume emitted 
though the. nozzles of the major portions.; . ; : , ' 

10. A method of operating an ixik jet printer according to any one of claims 6 to ^including 
15 operating the printer to emit a dix>p volume through each nozzle (14) based on the pitch 

of the portion in which each nozzle resides. 
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